The polycrystalline Ni-doped CuAlO 2 were obtained by solid state reaction method. The mixture of high purity grade of CuO, Al 2 O 3 and Ni(NO 3 ) 2 .6H 2 O powders was ground and then pressed by using uniaxial pressure. The obtained pellet was sintered in air at 1423 K for 24 h. XRD patterns showed the crystal structure of the as-sintered CuAl 1-x Ni x O 2 (0 x 0.10) belonging to rhombohedral, space group. No evidence of second phase was observed when Ni doping up to x = 0.01. At Ni content x 0.01 CuAl 1-x Ni x O 2 solid solution phase along with the CuO and CuAl 2 O 4 phases were observed. From SEM micrographs, the grain size decreased from 6 to 2 m when the amount of Ni in CuAl 1-x Ni x O 2 samples increased. Hall mobility and hole concentration of the as-sintered samples were obtained from Hall effect measurements at room temperature. The activation energy values deduced from the electrical resistivity measurements as a function of temperature were reported. The variation of Seebeck coefficient and power factor as a function of temperature was also investigated. From the experimental results, the substitution of Ni 2+ ion in Cu + site of CuAl 1-x Ni x O 2 material may be drawn.
Introduction
In recent years, transparent conductive oxides (TCOs) such as electron doped ZnO, In 2 O 3 , SnO 2 are widely and practically used as transparent electrodes in flat panel displays, photovoltaic cells and organic optoelectrornic devices [1, 2] . However, these materials are all n-type semiconductivity and their uses as oxide semiconductors are rather restricted. Therefore, the realization of p-type TCOs is needed to expand the utilization. It is fortunately observed that the delafossite structure CuAlO 2 (CAO) is a p-type semiconductor with an optical band gap around 3.5 eV. Moreover, the visible light transmission of the CuAlO 2 films can be as high as 80 % which suggests that the CuAlO 2 can be considered as an ideal candidate for p-type TCOs [3, 4] . Substitution of Ca and Fe for Al site in CuAlO 2 ceramics recently reported [5, 6] . It seemed worthwhile to consider another dopant such as Ni in that oxide. Therefore, the present work is devoted to the structural and electrical properties of CuAl 1-x Ni x O 2 material.
Methodology
Polycrystalline of Ni-doped CuAlO 2 were prepared by a conventional solid state reaction. The starting materials, CuO (99.9%), Al 2 O 3 (99.9%) and Ni (NO 3 ) 2 .6H 2 O (99%) were mixed in agate mortar and pressed into pellet and sintered at 1423 K in air for 24 h. The crystal structure of samples was confirmed by reading X-ray diffraction patterns on a powder X-ray diffractometer using CuK radiation ( = 1.5418 Å) at room temperature. Surface morphology was examined by JEOL model JSM-6400 scanning electron microscope. Hall effect measurements were performed at room temperature in van der Pauw configuration. The electrical resistivity measurements were performed from 300 to 700 K using the linear four-point probe method. The voltage drop across the two inner electrodes was measured by using a Fluke 8820 A digital multimeter. The current passed through the outer electrodes was controlled by using a Keithley 236 current/voltage source. For Seebeck measurement, the temperature difference of the sample was generated by heating one end of the sample placed on heater and controlled its temperature by Shimaden P21 PID controller. The temperature of the other end of the sample was kept constant by using water chilled system. [7] . Analysis of the obtained results showed that most of the changes caused by the impurity are confined within a small cluster around the impurity atom. Relaxation of the atomic positions resulted in a substantial movement of just the two nearest neighbour (NN) oxygen along the c-axis, while the position of the other atoms was not affected. Despite the fact that Ni has a smaller ionic radius than Cu, it also pushed slightly the NN oxygen atoms, resulting in a Ni-O distance of 1.867 Å in comparison with Cu-O distance of 1.860 Å in the pure CuAlO 2 , this may indicate that Ni 2+ substitutes in Cu + site instead of Al 3+ site as theoretically predicted by Lalic et al. [8] . From SEM micrographs (as shown in Fig. 3) , it is found that as the amount of Ni in CuAl 1-x Ni x O 2 increases, the grain size decreases from 6 to 2 μm. The porosity decreases from 49.68 to 46.40 %. This indicates that the Ni substitution decreases the densification of samples. The appearance of the second phase such as CuO and CuAl 2 O 4 may reduce the rate of grain growth in the samples [6] .
Results and Discussion
The temperature dependence of the electrical resistivity for CuAl 1-x Ni x O 2 (x = 0.01) is shown in Fig. 4 . The electrical resistivity decreases with increasing temperature, indicating semiconductor behaviour. The positive holes in CuAlO 2 are generated from ionized Cu vacancy and/or interatitial oxygen within the crystalline sites of the material. The non-stoichiometric defects reaction for metal deficient oxide may be represented by the following equation [4] 
Al Cu where n is the carrier concentration, e is the electric charge of the carrier, is the carrier mobility, 0 is assumed to be constant, E a is the activation energy, k is Boltzmann constant and T is the absolute temperature. Actually, the temperature dependence of 0 can normally be neglected relative to that of the exponential form. Table I . The substitution of Ni 2+ in Cu + site may decrease the hole concentration leading to an increase in the electrical resistivity. The amount of second phase such as CuO and CuAl 2 O 4 increases with an increase in Ni content, increasing the electrical resistivity. Activation energy values and the related defect type were tabulated in Table II . Fig. 5 shows the Seebeck coefficient of the as-sintered CuAl 1-x Ni x O 2 samples. The sign of the Seebeck coefficient is positive for all the measured temperature range, indicating that the major conductivity carriers are holes. Seebeck coefficient of each compositions decreases with the increase of temperature up to 450 o C and then increase, consistent with the evolution of its resistivity. According to conventional theory for the semiconductor, the smaller carrier concentration will lead to a larger Seebeck coefficient, while the smaller carrier mobility leads to a smaller Seebeck coefficient [9] . Thus, Seebeck coefficient in semiconductor region varies as a function of 1/T [10] . When temperature is above 450 o C, where Seebeck coefficient of all compositions begin to increase with increasing temperature. It is therefore reasonable to suggest that the transition of Seebeck coefficient from the semiconductor region to the variable hopping mechanism occurring around 450 O C. This transport behaviour has also observed in Fe-doped YBaCo 2 O 5+x (0 x 0.8) which it does proportional to T 1/2 via hopping in the localized states [10] . Considering at each temperature, Seebeck coefficient of the CuAl 1-x Ni x O 2 samples up to x = 0.01 increase with an increase in Ni content, whereas that of the CuAl 1-x Ni x O 2 samples with x 0.10 decreases with an increase in Ni content. Fig. 6 shows the power factor ( 2 ) is calculated by using the electrical conductivity and the Seebeck coefficient ( ). The power factor of the CuAl 1-x Ni x O 2 (0 x 0.10) samples increases with an increases in temperature. The Ni substitution up to x = 0.01 leads to a significant increase in the power factor because it significant increase the Seebeck coefficient. In addition to their high power factor, the Ni-added CuAl 1-x Ni x O 2 ceramics have advantages for use in thermoelectric devices. 
Conclusion
The as-sintered CuAl 1-x Ni x O 2 ceramics crystallized into rhombohedral system, space group m 3 R , along with second phase such as CuO and CuAl 2 O 4 . As the amount of Ni in the CuAl 1-x Ni x O 2 samples increases, the grain size decreases from 6 to 2 μm and porosity decreases from 49.68 to 46.40 %. The activation energy values deduced from the electrical resistivity measurements as a function of temperature are attributed to the native defects in this material. The sign of the Seebeck coefficient is positive for all the measured temperature range, indicating that the major conductivity carriers are holes. The addition of Ni in CuAlO 2 may be decreased the hole concentration leading to an increase in the electrical resistivity. From the experimental results, the substitution of Ni 2+ ion in Cu + site of CuAl 1-x Ni x O 2 material may be drawn.
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